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. Basis of the report

1. With regard to the elements of the international application (Replacement sheets which have been furnished to
the receiving Office in response to an invitation under Article 14 are referred to in this report as “originally filed”
and are not annexed to this report since they do not contain amendments (Rules 70.16 and 70.17)):
Description, pages:

1-17 as originally filed
Claims, No.:
1-19 as received on 17/02/2001 with letter of 15/02/2001

Drawings, sheets:

1/7-7/7 as originally filed

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the
language in which the international application was filed, uniess otherwise indicated under this item.

These elements were available or furnished to this Authority in the following language: , which is:

[0 the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)).
O the language of publication of the international application (under Rule 48.3(b)).

[ the language of a translation furnished for the purposes of international preliminary examination (under Rule
55.2 and/or 55.3).

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the
international preliminary examination was carried out on the basis of the sequence listing:

O contained in the international application in written form.

[0 filed together with the international application in computer readable form.
O furnished subsequently to this Authority in written form.

O fumished subsequently to this Authority in computer readable form.

[0 The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in
the international application as filed has been furnished.

O The statement that the information recorded in computer readable form is identical to the written sequence
listing has been furnished.

4. The amendments have resulted in the cancellation of:

0 the description, pages:
O the claims, Nos.:

Form PCT/IPEA/409 (Boxes I-VIII, Sheet 1) (July 1998)
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O the drawings, sheets:

5. O This report has been established as if (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)):

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this
report.)

6. Additional observations, if necessary:

lll. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-
obvious), or to be industrially applicable have not been examined in respect of:

[3 the entire international application.

B claims Nos. 11-19.

because:

O the said international application, or the said claims Nos. relate to the following subject matter which does
not require an international preliminary examination (specify):

X the description, claims or drawings (indicate particular elements below) or said claims Nos. 11-19 are so
unclear that no meaningful opinion could be formed (specify):
see separate sheet

O the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed.

{0 no international search report has been established for the said claims Nos. .
2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucieotide

and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative
Instructions:

1 the written form has not been furnished or does not comply with the standard.
O the computer readable form has not been furnished or does not comply with the standard.

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-10

Form PCT/IPEA/409 (Boxes I-VIII, Sheet 2) (July 1998)
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No: Claims

Inventive step (IS) Yes: Claims 1-10
No: Claims

Industrial applicability (IA) Yes: Claims 1-10
No: Claims

2. Citations and explanations
see separate sheet

Vil. Certain defects in the international application

The following defects in the form or contents of the international application have been noted:
see separate sheet

VIII. Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:
see separate sheet

Form PCT/IPEA/409 (Boxes I-VIII, Sheet 3) (July 1998)
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1. As already pointed out in the previous Written Opinions the originally filed claims
contain four independent claims, to wit 1, 11, 17 and 18 all pertaining to a
communication device. The originally filed claims are to a large extent identically
worded i.e.:

a) claim 11, page 19, line 27 to page 20, line 8,
b) claim 17, line 11 to line 20,
c) claim 18, page 21, line 24 to page 22 line 3
are identical with the wording of claim 1.
The applicants were accordingly invited for reasons of clarity and conciseness that
claims 11, 17 and 18 should be made dependent on claim 1 (Article 6, PCT). In
response thereto the applicants inserted
a) in claim 11 "according to claim 1-6" (after "communication device") without
deleting the passage repetitive of the characterising portion of claim 1,
b) in claim 17 "according to claim 1-6" (after "communication device") without
deleting the passage repetitive of the characterising portion of claim 1, and
c) in claim 18 "according to claim 1-6" (after "communication device") without
deleting the passage repetitive of the characterising portion of claim 1.

Therefore the undue proliferation of wording of the present claims is similar
to the original claims and the corresponding objection is accordingly reiterated
(Article 6 PCT, lack of conciseness and clarity)

The passage "according to claim 1-6" seems to imply the incorporation of the
features of claims 2 to 6 into claim 11. New claim 11 thus offends the proscription
of Article 34(2)b PCT.

A similar observation holds for claim 17 and claim 18.

The passage "according to claim 1-6" is unclear, since it is unclear on which
combination of claims 1 to 6 claim 11 depends. A similar observation holds for
claims 17,19 and 4 to 10.

2. In order to facilitate easy reference the documents cited in the international
Search Report are numbered seriatim (D1 to D6).
Pursuant to Rule 64.3 document D1 is not prior art for the purposes of Article
33(2) and (3) PCT. In pursuance of Rule 70.10 it is put on record that the date of
publication of D1 is 23.6.1999, its date of filing is 30.9.1998 and it invokes the

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997)
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priority date 22.12.1997.

None of the remaining documents cited in the International Search Report
discloses a communication device according to claim 1. The subject matter of
claims 1 to 10 is accordingly novel and not rendered obvious by the technical

teaching of the prior art.

Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 1997)
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A. CLASSIFICATION ?F SUBJECT

MATTER
IPC 7 HO1lQl/24 HO4B1/38

H04M1/02

According to intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 HO1Q HO4B HO4M

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, wherq practical, search térms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category © | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

23 June 1999 (1999-06-23)
figures

A WO 95 24746 A (CETELCO (DK))
14 September 1995 (1995-09-14)

1-6

1 April 1998 (1998-04-01)
1-16

column 2, line 20 —column 7, line 35;
page 4, line 17 -page 7, line 4; figures

page 5, line 25 -page 9, line 16; figures

P,X EP 0 924 793 A (NORTHERN TELECOM LTD) 1,3

1,4,17

A EP 0 833 455 A (NOKIA MOBILE PHONES LTD) 1-3

-)

m Further documents are listed in the continuation of box C.

E Patent family members are listed in annex.

© Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

‘E*® eardier document but published on or after the intemational
filing date

“L* document which may throw doubts on priority claim(s) or
which is cited to estabtish the publication date of another
citation or other special reason (as specified)

"0 document referting to an oral disclosure, use, exhibition or
other means

"P* document published prior to the intemational filing date but
later than the priority date ctaimed

“T° later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underying the
invention

“X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y® document of particular relevance; the claimed invention
cannot be considered to invoive an inventive step when the
document is combined with one or more other such docu~
g'n%!ts. r;such combination being cbvious to a person skilled
in the art. :

“&" document member of the same patent family

Date of the actual completion of the intemational search

14 June 2000

Date of mailing of the intemational search report

20/06/2000

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

-Delangue, P

Form PCTASA210 {second sheet) (July 1992)
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Category © | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A DE 44 31 601 A (SIEMENS AG)
10 August 1995 (1995-08-10)
column 1, Tine 30 -column 3,
figures 1,2.

A DE 44 10 995 A (SAGEM)

6 October 1994 (1994-10-06)
column 2, line 43 -column 3,
figures 1-5

A DE 196 40 412 C (SIEMENS AG)
22 January 1998 (1998-01-22)
column 4, Tline 57 -column 6,
figures 1-6 )

E FR 2 783 652 A (SAGEM)
24 March 2000 (2000-03-24)
the whole document

1,17

1,17
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AU 1892995 A 25-09-1995
CN 1124066 A 05-06-1996
CN 1124067 A 05-06-1996
WO 9524745 A 14-09-1995
EP 0697138 A 21-02-1996
EP 0697139 A 21-02-1996
JP 8510621 T 05-11-1996
JP 8510622 T 05-11-1996
us 5952975 A 14-09-1999
US 5886668 A 23-03-1999
EP 0833455 A 01-04-1998 us 5918189 A 29-06-1999
DE 4431601- A 10-08-1995 NONE
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- DE 19640412 C 22-01-1998 Wo 9815093 A 09—04f1998
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1. Communication device comprising a housing enclosing at
least one loudspeaker (2) and at least part of at least
one antenna (1) inside the housing (8), said at least one
loudspeaker comprising an acoustic resonance chamber (9)
and said at least one antenna comprising at least one

electromagnetic resonance chamber (13),
characterised in that
the acoustic resonance chamber (9) is completely or

partly located within the electromagnetic resonance
chamber (13).

2. Communication device according to claim 1,

characterised in that the at least one antenna (1) is a

directive patch antenna.

3. Communication device according to claim 1 -or 2,
characterised in that at least one antenna (1) is a dual

band antenna.

4. Communication device according to claims 1-3,
characterised in that the at least one antenna (1)
defines the walls of the acoustic resonance chamber (9)

completely or partly.

5. Communication device according to claims 1-4,
characterised in that the loudspeaker (2) is coupled with
the resonance chamber by means of at least one acoustic

channel.

SUBSTITUTE SHEET (RULE 26)



WO 00/38475

10

15

20

25

30

‘
'.; .

18

PCT/DK99/00719

=

6. Communication device according to claims 1-3,
Characterised in that at least one antenna (1) is a coil
or loop antenna, preferably a directive coil or loop

antenna.

7. Communication device according to claims 1-6,
characterised in that the acoustic resonance chamber (9)

is a pressure chamber.

8. .Communication device according to claims 1-7,
characterised in that the acoustic resonance chamber {9}

has acoustic openings to the exterior.

S. Communication device according to claims 1-8,
Characterised in that the dimension of the acoustic
resonance chamber (9) completely or partly located within
the electromagnetic resonance chamber is 0.5 to 8 cm3.

10. Communication device according to claims 1-9,
characterised in that the shared resonance chamber is on
the inside being reinforced by reinforcement elements or
walls dividing the chamber into smaller volumes.

11. Communication device comprising a housing enclosing
at least one loudspeaker (2) and at least a part of at
least one antenna (1) inside the housing (8), said at
least one loudspeaker (2) comprising an acoustic
resonance chamber (8) and said at least one antenna
comprising at least one electromagnetic resonance chamber
(13),

characterised in that

SUBSTITUTE SHEET (RULE 26)
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the acoustic resonance chamber (9) is completely or
partly located within ‘the electromagnetic resonance
chamber (13), wherein said loudspeaker (2) and said
acoustic resonance chamber (9) are separated by méans of
at least one electromagnetic screen (11}, said
loudspeaker and said acoustic resonance Ehamber' are
acoustically connected through said electromagnetic
screen. by means of at least one acoustically coupling

means (10).

12. Communlcatlon device according to claim 11,
characterised in that said screen is the ground plane

(11) of the antenna (1).

13. Communication device according to claim 11,
characterised in that the loudspeaker (2) is coupled with
the acoustic resonance chamber (9) by means of at least
one acoustic channel (10) passing through said sScreen
(11) .

14, Communication device according to claim 11,
characterised in that the channel consists of one or more

holes (10) in said screen (11) .

15. Communication device according to claim 14,

characterised in that the number of holes is between 1
and 50, preferably 4 holes.

16. Communication device according to claim 15,

characterised in that the diameter of the one or more

holes is between 0,5 and 5 mm, preferably 2 mm.

SUBSTITUTE SHEET (RULE 26)
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17. Communication device comprising a housing enclosing
at least one loudspeakef (2) and at least a part of at
least one antenna (1) inside the housing (8), said at
least one loudspeaker comprising an acoustic resonance
chamber (8) and said at least one antenna comprising at

least one electromagnetic resonance chamber (13),
characterised in that
the acoustic resonance chamber (9) 1is completely or

partly located within the electromagnetic resonance

chamber (13) and that the acoustic resonance chamber or

‘at least the main part of the acoustic resonance chamber

is located at a distance from said loudspeaker (25.

18. Communication device ¢ompfising a2 housing enclosing
at least one loudspeaker (2) and af. least part of at
;east one antenna (1) inside the housing (8), said at
least one 1loudspeaker comprising an acoustic resonance
chamber (9) and said at least one antenna cdmprising at

least one electromagnetic resonance chamber (13),
characterised in that

the acoustic resonance chamber (9) is completely or
partly located within the electromagnetic resonance
chamber (13) and that the loudspeaker and the acoustic
resonance chamber is connected by at least one acoustic

coupling means (10).
19. Communication device according to claim 17 or ig,

characterised in that the acoustic coupling means is at

least one acoustic channel.

SUBSTITUTE SHEET (RULE 25)
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licant's or agent's file reference see Notification of Transmittal of International Search Report
Appl 9 I FOR FURTHER (Form PCT/ISA/220) as welll as, where applicable, item 5 below.
P 98 033 WO ACTION
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)
PCT/DK 99/ 00719 20/12/1999 21/12/1998
Applicant

TELITAL R&D DENMARK A/S et al.

This Internationai Search Report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This International Search Report consists of a total of 3 sheets.
it is also accompanied by a copy of each prior art document cited in this report.

1. Basls of the report
a. With regard to the language, the international search was carried out on the basis of the international application in the
language in which it was filed, unless otherwise indicated under this item.
the international search was carried out on the basis of a translation of the international application furnished to this
Authority (Rule 23.1(b)).

b. With regard to any nucleotide and/or amino acld sequence disclosed in the international application, the international search
was carried out on the basis of the sequence listing :

contained in the international application in written form.

filed together with the international application in computer readable form.
furnished subsequently to this Authority in written form.

furnished subsequently to this Authority in computer readble form.

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the
international application as filed has been furnished.

the statement that the information recorded in computer readable form is identical to the written sequence listing has been
furnished

Certaln claims were found unsearchable (See Box !).

0o 0O 0Joboa

Unlty of Invention Is lacking (see Box il).

4. With regard to the title,
m the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,

[X] thetextis approved as submitted by the applicant.

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box lll. The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.

6. The figure of the drawings to be published with the abstract is Figure No. 5
D as suggested by the applicant. D None of the figures.
m because the applicant failed to suggest a figure.
[:l because this figure better characterizes the invention.

Form PCT/ISA/210 (first sheet) (July 1998)
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With international search report.

(88) Date of publication of the international search report:
8 September 2000 (08.09.00)

(54) Title: A COMMUNICATION DEVICE
(57) Abstract

The invention relates to a communication de-
vice comprising a housing enclosing at least one loud-
speaker and at least part of at least one antenna inside
the housing. This at least one loudspeaker comprises
an acoustic resonance chamber while said at least one
antenna comprises at least one electromagnetic reso-
nance chamber. The invention teaches that the acous-
tic resonance chamber can be located completely or
partly within the electromagnetic resonance chamber.
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(54) Title: A COMMUNICATION DEVICE

(57) Abstract

The invention relates to a communication de-
vice comprising a housing enclosing at least one loud-
speaker and at least part of at least one antenna inside
the housing. This at least one loudspeaker comprises
an acoustic resonance chamber while said at least one
antenna comprises at least one electromagnetic reso-
nance chamber. The invention teaches that the acous-
tic resonance chamber can be located completely or
partly within the electromagnetic resonance chamber.
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A communication device

Field of the invention

The invention relates to a communication device
comprising a housing enclosing at least one loudspeaker
and at least a part of at least one antenna inside the
housing, said at least one loudspeaker comprising an
acoustic resonance chamber and said at least one antenna
comprising at least one electromagnetic resonance

chamber.

Background of the invention

Communication devices, such as handheld cellular phones,
have gained widespread acceptance over the years. One
reason for this 1is the constant development of new
generations of communication devices of smaller
dimensions than the previous ones making the
communication device handier in use and more convenient

to carry.

In the field of this invention, a conventional
communication device comprises two volumes of interior
space used as resonance chambers where the loudspeaker
uses the first volume and the antenna uses the other

volume.
A problem with the conventional communication device is

to make it yet even smaller or at least maintain the size

even though the communication device has to contain an
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ever increasing amount of electronic components to be

able to offer new features.
Summary of the invention

When, as stated in 'claim 1, the acoustic resonance
chamber 1s completely or partly located within the
electromagnetic resonance chamber, it is possible to
manufacture considerably smaller communication devices
than the conventional types with separate resonance

chambers for the antenna and the loudspeaker.

At the same time, volume needed for walls to encapsulate
two resonance chambers can now be reduced to walls

surrounding the shared resonance chamber.

It should be noted that an acoustic resonance chamber
according to the invention may e.g. be a closed pressure
chamber or a partly closed bass reflection chamber
adapted to obtain desired frequency characteristiés and
efficiency. The main component providing this feature in
a pressure chamber loudspeaker is the air encapsulated by
the walls defining the chamber and the membrane. The
encapsulated air will accordingly act as an elasticity,
defined within the art as c¢,. Of course, a resonance
chamber according to the invention can also comprise a
bass reflection design in which especially the lower
frequency of the loudspeaker system is modified by the
adding of at least one opening from the internal of the
loudspeaker chamber to the external.

The purpose of an acoustic resonance chamber is well

described within the art of loudspeakers.
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It should moreover be noted that an electromagnetic
resonance chamber according to the invention is defined
as at least part of the volume between at least a radiant
part of an antenna and a ground plane or reference of
said antenna. The said electromagnetic resonance volume
has a specific dielectric constant and is arranged within

the housing of the device.

It 1is understood that the electromagnetic resonance
volume may comprise air or a combination of air and a

dielectric material.

The meaning of an electromagnetic resonance chamber is

well described within the art of antennas.

According to the teaching of the invention, the above
resonance may be shared more or less extensively as the
two different resonance phenomena may be established
independently of each other. No interference or
distortion will occur as the 1low frequency acoustic
pressure wave resonance will be of a completely different
nature than the electromagnetic resonance within the

antenna resonance chamber.

Another important feature of the invention is that the
desired electromagnetic performance of the antenna
resonance chamber may be established fully or partly in
air as the dielectric properties of air may fully satisfy
the desired dielectric properties Dbetween e.g. the
radiant plane and the ground plane of a patch antenna.
Moreover, the desired conditions may be obtained by a

combination of a solid dielectric and a gas dielectric,
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i.e. air. This possibility of designing a dielectric
resonance chamber as a combination of air and solid
dielectric, or completely by air, results in a
significantly increased freedom when designing the
device. A solid dielectric according to the invention may

e.g. be different kinds of plastics known within the art.

Due to the nature of the acoustic resonance chamber, the
design of the internal shape of the chamber is of very

little importance.

The communication device of the invention is preferably a

mobile communication device or a handheld cellular phone.

Thus, according to the invention, the electromagnetic and
the acoustic resonance chambers share a certain amount of
air, having both the desired acoustic and dielectric

properties.

Consequently, a reduction of weight and of . course
material expenses is obtained as the dielectric used to
fill the volume inside the antenna may now be replaced by

air.

When, as stated in claim 2, at least one antenna is a
directive patch antenna, it is possible to control the

direction of the radio waves from the antenna.

It should be noted that a directional patch antenna
requires a relatively high resonance volume, i.e.
resonance volume between the radiant part of the antenna
and the ground plane, in order to obtain a satisfactory

bandwidth. The possibility of establishing a shared
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volume between the acoustic resonance chamber and the
electromagnetic resonance space of the antenna provides
the possibility of obtaining a significant reduction in
volume. It should be noted that even an apparently minor
reduction in volume of a communication device may be
significant when an effective reduction in volume of e.gq.

1 to 5 cm® is obtained in a 100 cm?

mobile phone.

When, as stated in claim 3, at least one antenna is a
dual-band antenna, it is possible to reduce the even
stricter design criteria as the resonance volume will

tend to occupy even more of the volume of the device.

When, as stated in claim 4, at least one antenna
completely or partly defines the walls of the acoustic
resonance chamber, it is possible to use the antenna for
its main purpose while also letting it constitute part of

the walls of the resonance chamber.

The antenna components such as ground plane and iadiant
plane may be supported by a great variety of chamber
designs as the volume required for the acoustic resonance
chamber will wusually be significantly less than the

required volume of e.g. a micro-strip antenna.

Of course, it should be kept in mind that the chamber
defining materials, except for the active antenna planes,
should have a dielectric constant being somewhat
comparable with the air inside the chamber. At least, it
should be designed in such a manner that the overall
cbtained dielectric properties meet the desired

requirements.
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When, as stated in claim 5, the loudspeaker is coupled
with the acoustic resonance chamber by at least one
acoustic channel, a further advantageous embodiment of

the invention has been obtained.

When, as stated in claim 6, at least one antenna is a
coil or loop antenna, preferably a directive coil or loop
antenna, a further advantageous embodiment of the

invention has been obtained.

When, as stated in claim 7, the acoustic resonance
chamber is a pressure chamber, it is possible to let the
loudspeaker use the air located within the acoustic
resonance volume as an elasticity, thus obtaining better
control over the loudspeaker. This provides a higher

quality of the voice reproduction.

When, as stated in claim 8, the acoustic resonance
chamber has acoustic openings to the exterior of the
chamber, it 1is possible to make a bass reflex system
which has a lower resonance frequency. This means that
the system has the ability to expand the frequency range
downward with a higher quality of the voice reproduction.
At the same time it is possible to eliminate or reduce
spikes or peaks in the loudspeaker's frequency response

with acoustic openings to the exterior.

When, as stated in claim 9, the dimension of the acoustic
resonance chamber, which is completely or partly located
within the electromagnetic resonance chamber, is 0.5 to 8
cm3, a further advantageous embodiment of the invention

has been achieved.
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According to the above-mentioned embodiment, which
typically characterises a cellular ‘phone, even minor
reductions in volume are important and significant, as
the designers of those articles are heavily restricted by
the requirement to reduce volume to an "absolute"

minimum.

However, it should be noted that the obtained reduction
in volume in some devices may of course be much greater
within the scope of the invention, if the devices are
e.g. fitted with more powerful loudspeakers. In case of
an acoustic resonance chamber being of greater volume, an
embodiment of the invention will benefit even more from
the fact that there are very few constraints, if any, on

the design of the resonance chamber:

When, as stated in claim 10, the shared resonance chamber
on the inside is reinforced by reinforcement elements or
walls dividing the chamber into smaller volumes, it is

possible to avoid problems with oscillations in the

walls, defining the chamber by wusing reinforcement
elements.
When, as stated in «claim 11, the acoustic resonance

chamber is completely or partly located within the
electromagnetic resonance chamber, wherein said
loudspeaker and said acoustic resonance chamber are
separated by means of at least one electromagnetic
screen, said loudspeaker and said acoustic resonance
chamber are écoustically connected through said
electromagnetic screen by means of at least one
acoustically coupling means, a screening against the

electromagnetic fields radiating in a given direction is
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obtained. The direction will be £from the antenna and
toward thg loudspeaker and the user's head. Since
radiation in this direction gives no or only a weak
connection to a receiving antenna due to the user being
between the antennas, the efficiency of the antennas will

be increased with a screen.

When, as stated in claim 12, said screen is the ground
plane of the antenna, it 1is possible to use the
characteristics of a directive antenna such as a

directive patch antenna in an advantageous manner.

When, as stated in claim 13, the loudspeaker is coupled
with the acoustic resonance chamber by means of at least
one acoustic channel passing through said screen, it 1is
possible to dimension the properties, e.g. length,
height, diameter or shape, o©f an acoustic coupling
between the loudspeaker and the acoustic resonance
chamber in an advantageous manner. This 1is due to the
fact that the acoustic characteristics of the acoustic
channel are defined by arbitrary choices instead of the
surrounding components of the acoustic coupling providing
the designer of the communication device with an active
tool when defining the acoustic characteristics of the

device.

When, as stated in claim 14, the channel consists of one
or more holes in said screen, it is possible to direct
the acoustic coupling to the acoustic resonance chamber

over the generally shortest possible distance.

When, as stated in claim 15, the number of holes is

between 1 and 50, preferably 4 holes, it is possible to
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maintain the electromagnetic screening effect by using
more holes in the electromagnetic screen but with a
smaller diameter. By wusing more holes, it is also
possible to maintain the electromagnetic screening effect
by placing the holes in different patterns or no patterns
at all.

At the same time, the quality of the acoustic
characteristics is not decreased since the total area of
holes can be kept unchanged while featuring more holes
placed in an acoustically advantageous manner in relation

to the acoustic resonance chamber.

When, as stated in claim 16, the diameter of the one or
more holes are between 0,5 and 10 mm, preferably 2 mm, it
is possible to obtain a further advantageous embodiment

of the invention.

When, as stated in claim 18, the acoustic resonance
chamber is completely or partly located within the
electromagnetic resonance chamber and that the
loudspeaker and the acoustic resonance chamber are
connected by at least one acoustic coupling means, a
multiplicity of opportunities of arranging the
loudspeaker inside the housing of the communication

device is obtained.

This facilitates a somewhat easier design process of the
communication device, which 1s essential because of the
very notable restrictions in regard to the size of the

communication device.
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Moreover, the fact that the shape of the resonance
chamber of a loudspeaker is of very little importance
with respect to the desired acoustic performance has more

or less been fully exploited.

When, as stated in claim 19, the acoustic coupling means
consists of at least one acoustic channel, it is possible
to define the acoustic values of acoustic coupling more
precisely. This is, of course, also subject to certain
limitations associated with the use of acoustic channels
e.g. length, diameter and shape of the channel. These
limitations are well described within the art of

acoustics and more specifically in the design of acoustic

‘channels.

Brief description of the drawings

The above and other objects, features and advantages of
the present invention will become more apparent from the
detailed description and the accompanying drawings in

which:

Fig. 1 is a cross section of a conventional communication

device with two separate resonance chambers.

Fig. 2 is a perspective view of a communication device

according to the invention.
Fig. 3 1is a view of a preferred embodiment of the

connection between the loudspeaker and the resonance

chamber.
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Fig. 4 is a schematic view of the connection between the

loudspeaker and the acoustic resonance chamber.

Fig. 5 is a cross view of another preferred embodiment of
the connection between the loudspeaker and the acoustic

resonance chamber.

Fig. 6 1is a cross section of the communication device

seen from above.

Fig. 7 1is a front view of the housing without the

loudspeaker in place.

Description of the invention

Referring to fig. 1, a conventional communication device
comprises a housing 8 <containing various structural
elements, including the necessary elements of a cellular
phone such as a display 3, a keyboard 4, a battery (not
displayed in fig. 1), a microphone, an antenna 1 and a
loudspeaker 2. The elements are mounted on or connected
to a printed circuit board (PCB) on which other necessary

electronic components are mounted.

The communication device also comprises two volumes used
as resonance chambers where the loudspeaker uses a first
volume and the antenna uses a second volume. The chambers
are separated by the PCB which extends in the entire

length of the housing.
The resonance chamber is necessary for the loudspeaker

because the front side of the loudspeaker membrane has to

be somewhat isolated from the backside of the membrane to
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avoid acoustic short-circuiting between the sides of the
membrane. The volume 1inside the resonance chamber
determines the lowest possible frequency to be reproduced
by the loudspeaker. It also determines the amount of

power necessary to obtain a desired sound intensity.

The resonance chamber 1is necessary for the antenna
because it requires a dielectric volume to radiate the
radio waves from the active part of the antenna and down

to a ground plane.

The distance between the active part of the antenna and
the ground plane is at the same time a measurement of the
efficiency of the antenna, meaning the greater the

distance the higher efficiency up to a certain limit.

Now referring to fig. 2, a communication device according
to the invention is displayed. The volume used by the
antenna is at same time completely or partly defined by

the antenna plane, which acts as walls for the chamber.

The loudspeaker is mounted in an opening in this plane of
the antenna and has a direct connection with the volume

defined by the antenna.

An antenna of the kind used in the embodiment of the
invention has a relatively large volume requirement. To
obtain a satisfactory performance by the antenna, the
volume has to be in excess of e.g. 13 cm3. Moreover, the
loudspeaker requires a certain volume and preferably in
excess of 4 cm3. The upper volume limit is determined by

the size of the housing and is usually not in excess of
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50 cm3 inside the housing which can be utilised as the

antenna volume and loudspeaker resonance chamber.

The antenna 1 may preferably be a patch antenna. A dual
band patch antenna would be another example of an

application within the scope of the invention.

However, it should be noted that according to a further
embodiment of the invention, the antenna means may
comprise a conventional helix antenna mounted within the

housing of the communication device.

Other examples of antennas that may be arranged within

the housing of the device are coil and loop antennas.

It is understood that the shape and size of the resonance
chamber can be altered from the shape and size displayed
in fig. 2. The only thing that restricts the shape and
size of the resonance chamber is the housing in which it

is incorporated.

In fig. 3, a preferred embodiment of the invention 1is
displayed. To allow the loudspeaker 2 to be placed in
other positions than those which are in direct contact
with the resonance chamber, an acoustic coupling 10 is
inserted between the loudspeaker 2 and the acoustic

resonance chamber 9.
It is understood that the shape and size of the acoustic

coupling 10 and the acoustic resonance chamber 9 can be

altered from the shape and size displayed in fig. 3.
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In fig. 4, schematic illustration of the invention is
displayed. The loudspeaker 2 and the acoustic resonance
chamber 9 are placed separately inside the housing 8 and

coupled together with an acoustic coupling 10.

In fig. 5, a detailed embodiment of the invention is
illustrated. It shows the loudspeaker 2 and the acoustic
resonance chamber 9 being placed separately inside the
housing 8 and coupled together with an acoustic coupling
10. The acoustic resonance chamber 9 is located inside
the electromagnetic resonance chamber 13 of the antenna

1.

A ground plane 11 separates the loudspeaker 2 and the
resonance chamber 9. To establish an acoustic coupling 10
between the loudspeaker and resonance chamber, one or
more holes or openings are created in the ground plane
11. The diameter of the holes will normally be between
0,5 and 5 mm, preferably 2 mm, and the number of holes

between 1 and 50, preferably 4.

Fig. 6 shows a cross section of the communication device
seen from above. The loudspeaker, or transducer 2, is
placed at a distance from the acoustic resonance chamber
9 and with the ground plane 11 acting as a screen for
electromagnetic fields between the two. The ground plane
11 has a number of holes functioning as an acoustic
coupling 10 between the loudspeaker 2 and the acoustic

resonance chamber 9.

Fig. 7 shows the front of the housing 8 o¢f the

communication device. The loudspeaker, or transducer 2,
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has been removed and the acoustic coupling 10 and the

ground plane 11 can be seen.

The acoustic coupling can also be one or more channels
where the sides are defined by the surrounding components
or it can be one or more tubes, pipes or holes. Also it

can be combination of the two.

The screen against electromagnetic fields can be the
ground plane of the antenna but also a separate screen
whose only purpose is screening. Alternatively, it can be
a ground plane to be connected with other parts of the

communication device.
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List
1. Antenna 4
2. Loudspeaker
3. Display
4. Keyboard
5. Circuit board
6. Upper part of housing
7. Lower part of housing
8. Housing
9. Acoustic resonance chamber
10. Acoustic coupling means
11. Ground plane
12. Acoustic channel or part of an acoustic channel
13. Electromagnetic resonance chamber
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CLAIMS

1. Communication device comprising a housing enclosing at
least one loudspeaker (2) and at least part of at least
one antenna (1) inside the housing (8), said at least one
loudspeaker comprising an acoustic resonance chamber (9)
and said at least one antenna comprising at least one

electromagnetic resonance chamber (13),

characterised in that

the acoustic resonance chamber (9) is completely or
partly located within the electromagnetic resonance
chamber (13).

2. Communication device according to claim 1,
characterised in that the at least one antenna (1) is a

directive patch antenna.

3. Communication device according to c¢laim 1 or 2,
characterised in that at least one antenna (1) is a dual

band antenna.

4. Communication device according to claims 1-3,
characterised 1in that the at least one antenna (1)
defines the walls of the acoustic resonance chamber (9)

completely or partly.

5. Communication device according to claims 1-4,
characterised in that the loudspeaker (2) is coupled with
the resonance chamber by means of at least one acoustic

channel.
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6. Communication device according to claims 1-5,
characterised in that at least one antenna (1) is a coil

or loop antenna, preferably a directive coil or Lloop

antenna.

7. Communication device according to claims 1-6,
characterised in that the acoustic resonance chamber (9)

is a pressure chamber.

8. Communication device according to claims 1-7,
characterised in that the acoustic resonance chamber (9)

has acoustic openings to the exterior.

9. Communication device according to claims 1-8,
characterised in that the dimension of +the acoustic
resonance chamber (9) completely or partly located within

the electromagnetic resonance chamber is 0.5 to 8 cm3.

10. Communication device according to claims 1-9,
characterised in that the shared resonance chamber is on
the inside being reinforced by reinforcement elements or

walls dividing the chamber into smaller volumes.

11. Communication device comprising a housing enclosing
at least one loudspeaker (2) and at least a part of at
least one antenna (1) inside the housing (8), said at
least one loudspeaker (2) comprising an acoustic
resonance chamber (9) and said at Jleast one antenna
comprising at least one electromagnetic resonance chamber
(13),

characterised in that
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the acoustic resonance chamber (9) 1is completely or
partly located within the electromagnetic resonance
chamber (13), -wherein said loudspeaker (2) and said
acoustic resonance chamber (9) are separated by means of
at least one electromagnetic screen (11), said
loudspeaker and said acoustic resonance chamber are
acoustically connected through said electromagnetic
screen by means of at least one acoustically coupling

means (10).

12. Communication device according to claim 11,
characterised in that said screen is the ground plane

(11) of the antenna (1).

13. Communication device according to claim 11,
characterised in that the loudspeaker (2) is coupled with
the acoustic resonance chamber (9) by means of at least
one acoustic channel (10) passing through said screen

(11).

14. Communication device according to claim 11,
characrerised in that the channel consists of one or more

holes (10) in said screen (11).

15. Communication device according to claim 14,
characterised in that the number of holes is between 1

and 50, preferably 4 holes.
l6. Communication device according to claim 15,

characterised in that the diameter of the one or more

holes is between 0,5 and 5 mm, preferably 2 mm.
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17. Communication device comprising a housing enclosing
at least one loudspeaker (2) and at least a part of at
least one antenna (1) inside the housing (8), said at
least one loudspeaker comprising- an acoustic resonance
chamber (9) and said at least one antenna comprising at

least one electromagnetic resonance chamber (13),
characterised in that

the acoustic resonance chamber (9) is completely or
partly located within the electromagnetic resonance
chamber (13) and that the acoustic resonance chamber or
at least the main part of the acoustic resonance chamber

is located at a distance from said loudspeaker (2).

18. Communication device comprising a housing enclosing
at least one loudspeaker (2) and at least part of at
least one antenna (1) inside the housing (8), said at
least one loudspeaker comprising an acoustic resonance
chamber (9) and said at least ohe antenna comprising at

least one electromagnetic resonance chamber (13),
characterised in that

the acoustic resonance chamber (9) 1is completely or
partly located within the electromagnetic resonance
chamber (13) and that the loudspeaker and the acoustic
resonance chamber is connected by at least one acoustic

coupling means (10).
19. Communication device according to claim 17 or 18,

characterised in that the acoustic coupling means is at

least one acoustic channel.

SUBSTITUTE SHEET (RULE 26)



WO 00/38475

\ ®
. PCT/DK99/00719

1/7

?‘141

IILLE
pIhdinagy

yioaonnd




" WO 00/38475 ‘ . PCT/DK99/00719

2/7 =z




- WO 00/38475

.

3/7

. PCT/DK99/00719

LT



WO 00/38475

. . PCT/DK99/00719

a/7

Fig. 4



WO 00/38475 .

. PCT/DK99/00719

5/7 *
4 L 13
T — g
- S T a

Fig. 5



WO 00/38475 . . PCT/DK99/00719

6/7

]>:
R
|

RS

N

11

Fig. 6



- WO 00/38475 . . PCT/DK99/00719

777

11

Fig. 7

+

10



INTERNATIONAL SEARCH REPORT

tnf| ‘ tent famit Intezgational Application No
Of a t
n n on patent family members 60'( NG

Patent document Publication Patent family ) Publication

cited in search report date member(s) date

EP 0924793 A 23-06-1999 NONE

WO 9524746 A 14-09-1995 AU 1892895 A 25-09-1995
AU 693867 B 09-07-1998
AU 1892995 A 25-09-1995
CN 1124066 A 05-06-1996
CN 1124067 A 05-06-1996
Wo 9524745 A 14-09-1995
EP 0697138 A 21-02-1996
EP 0697139 A 21-02-1996
JP 8510621 T 05-11-1996
JP 8510622 T 05-11-1996
us 5952975 A 14-09-1999
us 5886668 A 23-03-1999

EP 0833455 A 01-04-1998 us 5918189 A 29-06-1999

DE 4431601 A 10-08-1995 NONE

DE 4410995 A 06-10-1994 FR 2703550 A 07-10-1994

DE 19640412 C 22-01-1998 Wo 9815093 A 09-04-1998

FR 2783652 A 24-03-2000 EP 1001547 A 17-05-2000

Form PCTASA/210 (patent family annex) (July 1892)



	2001-06-20 Documents submitted with 371 Applications

